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Background: Widespread literature on inequity in healthcare access and utilization has been published, but
research on socioeconomic differences in waiting times is sparse and the evidence is fragmentary and controversial.
The objective of the present study is the analysis of the relationship between individual socioeconomic level and
waiting times for in-hospital elective surgery.
Methods: We retrospectively studied the waiting times experienced by patients registered on hospital waiting lists
for 6 important surgical procedures by using the Hospital Discharge Database (HDD) of the Piedmont Region
(4,000,000 inhabitants in the North West of Italy) from 2006 to 2008. The surgical procedures analyzed were:
coronary artery by-pass (CABG), angioplasty, coronarography, endarterectomy, hip replacement and
cholecystectomy. Cox regression models were estimated to study the relationship between waiting times and
educational level taking into account the confounding effect of the following factors: sex, age, comorbidity,
registration period, and Local Health Authorities (LHA) as a proxy of supply.
Results: Median waiting times for low educational level were higher than for high educational level for all the
selected procedures. Differences were particularly high for endarterectomy and hip replacement. For all considered
procedures, except CABG, an inverse gradient between waiting times and educational level was observed: the
conditional probabilities of undergoing surgery were lower among individuals with a low to middle level education
than for individuals with a higher level of education after adjustment for sex, age, comorbidities, registration period,
and LHAs. For most procedures the effect decreases over the follow up period.
Conclusions: The results of the study show evidence of inequalities in access to elective surgery in Italy.
Implementation of policies aimed to promote national information initiatives that guarantee wider access to those
with low socio-economic status is strongly recommended.
Keywords: Equity, Access, Duration analysis, Waiting times, Socioeconomic statusBackground
Over recent decades, long waiting lists for elective surgery
have become an issue of great relevance for several Na-
tional Health Services [1]. Waiting lists are used as a
mechanism to allocate scarce resources, but health care
systems should aim to provide healthcare to those with
the greatest need first, in order to prevent adverse out-
comes [2]. To this purpose, in recent years the health au-
thorities of several western countries, United Kingdom,* Correspondence: alessio.petrelli@epi.piemonte.it
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reproduction in any medium, provided the orNew Zealand, Canada, Sweden, Norway and Italy amongst
others, have promoted several initiatives mainly aimed at
supply but, as in the case of New Zealand, Canada and
Italy these initiatives include strategies for demand, patient
prioritization on the basis of clinical conditions and max-
imal waiting times to be met [3,4]. The mechanism should
be independent from the socioeconomic status in order to
guarantee equity of access.
Barriers generated by factors relating to both supply
and demand may still prevent access, thereby bringing
about an exacerbation of existing inequalities in health.
The former may be due to financial factors such as out-Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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health benefit packages, geographical factors such as dis-
tance from health care resources, or organizational fac-
tors such as opening hours and waiting time [5]. The
latter deals with individual characteristics, including age,
gender, ethnicity, income, education, health literacy,
communication skills and health status perception,
which may affect healthcare-seeking behaviour [6]. Be-
cause of these barriers, more vulnerable groups may suf-
fer much more than others [7]. The relative weight of
the various access barriers should be disentangled in
order to design effective measures for limiting access
inequalities.
Unlike the widespread existing literature on inequity
in healthcare access and utilization [8-12], research on
socioeconomic differences in waiting times is less sys-
tematic and the evidence is fragmentary and controver-
sial. Some studies conducted in Northern Europe and
North America during the previous decade have shown
an inverse socioeconomic trend, as in Scotland for car-
diac surgery [13] and in England for ophthalmologic sur-
gery and hip replacement [14,15], whilst others have
found no or a weak association, as in Canada [16],
Australia [17] and Norway [18]. A large retrospective
English study shows decreasing inequalities in waiting
times during the last decade for elective hip replacement
and cataract repair [19].
Two recent studies show wider socioeconomic differ-
entials [20,21]. The first study, based on the Inter-
national Survey of Health, Ageing and Retirement in
Europe (SHARE), provides evidence of inequity in wait-
ing times that favour the more educated patients in
seven European countries (Denmark, France, Greece,
Italy, the Netherlands, Spain and Sweden). The inverse
association between education levels and waiting times
is evident regardless of the organizational characteristics
of health systems. In Denmark, the Netherlands and
Sweden for non-urgent inpatient/outpatient surgery,
individuals with higher levels of education wait signifi-
cantly less than individuals with lower levels. Income is
also negatively associated with waiting times in Greece
for non-emergency surgery.
The second study is based on administrative data
(2001 National Hospital Episode Statistics data) and pro-
duces evidence of an inverse association between socioe-
conomic status and waiting times for elective total hip
replacement in England using an aggregate deprivation
indicator.
In Italy, research in the area of equity in waiting lists is
limited to a study that found an inverse relationship be-
tween socioeconomic status and waiting time for surgery
after hip fracture, using an aggregate indicator of socioe-
conomic status, but only using pre-surgery length of stay
as a proxy measure of the waiting time [22].The purpose of this study is to analyze the relationship
between individual socioeconomic level and waiting time
for in-hospital elective surgery.
Methods
Record selection and data collection
We retrospectively studied the waiting times experi-
enced by patients registered on hospital waiting lists for
6 of the 14 surgical procedures identified by the “Na-
tional monitoring plan to reduce waiting time for elect-
ive surgery”, by using the Hospital Discharge Database
(HDD) of the Piedmont Region (4,463,000 inhabitants in
the North West of Italy) from 2006 to 2008. The capital
of Piedmont is Turin (907,000 inhabitants).
In Italy the health service is universalistic: each citizen
has the right to health care, free of charge or following a
co-payment fee, for a wide range of health problems [23]
Enrolment on the elective surgery waiting list occurs dir-
ectly, through the specialist hospital physician or
through the patient contacting the chosen hospital
under the guidance of the general practitioner. The
National Health System is organized on a regional basis:
the Regional Health System (RHS) of Piedmont Region
is divided into Local Health Authorities (LHA), which
provide medium and low-complexity hospital-based
healthcare and community care, and Hospital Trusts
(HT), providing high-complexity hospital care. Finally,
there are a small number of private hospitals, mainly re-
ligious, funded by the RHS, that provide medium or
low-complexity care.
The HDD is the administrative database that covers all
episodes of care for hospital patients (n = 820,000) pro-
vided in the hospitals funded by the RHS. The HDD
includes information on admission and discharge dates,
coexisting medical conditions, patients’ characteristics
(sex and age), diagnosis codes (up to 5 digits), surgical
procedure codes (up to 5 digits) according to the Inter-
national Classification of Disease, Ninth Revision, Clin-
ical Modification (ICD-9-CM), the patient’s LHA of
hospitalisation and educational level, classified into
seven categories. The database is directly managed by
the regional authority for information system. The study
population consisted of patients undergoing surgery be-
tween 2006 and 2008. It is worth noting that since the
HDD records discharges some individuals could be
registered before 2006.
The surgical procedures analyzed were: coronary ar-
tery by-pass (CABG), angioplasty, coronarography, end-
arterectomy, hip replacement and cholecystectomy. The
time on the waiting list was computed as the number of
days from registration (the decision to treat or referral)
to surgery.
Exclusion criteria for the present study were: 1) miss-
ing values from the education variable; 2) providers with
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percentile.
The percentage of missing values from the education
variable for the overall sample including all hospitalisa-
tions for the 6 selected procedures was 34.6%, 51.3%,
45.9%, 51.3%, 34.2%, 26.2% respectively for CABG,
angioplasty, coronarography, endarterectomy, hip re-
placement and cholecystectomy. In order to reduce this
percentage we conducted two record linkage activities:
1) by means of anonymous record linkage between the
HDDs over the period under consideration (2006–2008),
we were able to reduce the percentage of missing values
by attributing the highest level of education reported for
the three years of observation, 2) exclusively for resi-
dents in Turin, a record linkage based on gender, place
and date of birth was conducted between our dataset
and the municipal registry, which included information
about educational level. After the linkage process, missing
values dropped to 12.6% for CABG, 24.6% for angioplasty,
21.8% for coronarography, 24.2% for endarterectomy,
16.1% for hip replacement and 17.4% for cholecystectomy.
Table 1 summarises the cases recovered by types of record
linkage and the cases excluded from the analysis by rea-
sons for exclusion for each operation.HR ¼ hx2 tð Þ
hx1 tð Þ
¼ exp β x2  x1ð Þ½ :Statistical analysis
In order to make the results comparable with inter-
national classification, educational level was grouped
into three categories: no education to primary education;
lower secondary education; upper secondary education
and higher education (reference category).
To examine the relation between waiting times and
education, we first estimated the cumulative probability
of undergoing surgery by waiting time since registration
using the product-limit method. The log-rank test was
used to compare waiting times across education groups.
Cox proportional hazard models [24] without censored
data were then estimated to study the relationship be-
tween waiting times and educational level taking intoTable 1 Sample selection criteria and resulting sample size
Surgery Initial
sample
Records with
missing values
for the
education variable
Missing values
recovery from
record linkage
between the HDD
CABG 4,465 1,543 926
Angioplasty 9,973 5,115 1,770
Coronarography 26,307 12,081 4,693
Endarterectomy 4,126 2,115 731
Hip replacement 15,982 5,462 2,245
Cholecystectomy 17,246 4,511 732account the confounding effect of sex (reference: fe-
male), age (reference: > = 75), and registration period
(reference: 2006) [25,26]. Moreover, in order to take into
account differences in the severity of clinical conditions,
models were adjusted for the Charlson Comorbidities
Index (CCI) [27,28] (reference = no comorbidities).
Lastly, LHAs (reference: LHA - city of Turin) were
added in the models to adjust for possible variations in
geographical and access management. We estimated
models by progressively adding subsets of covariates
according to the following pattern: 1) education; 2) age;
3) CCI; 4) LHAs and 5) registration period. Table 2
describes the subset of variables used in the analysis
along with their codes and values.
The models were compared using the Akaike informa-
tion criteria. The assumption of proportional hazards
was evaluated:
1) adding to the model the interaction of the covariate
with the time for each variable and testing the
statistical significance with the Wald test;
2) through the Schoenfeld residual graphic obtained
from the model without the interaction term.
The instantaneous probability of undergoing surgery
at time t, given that a patient has not been operated yet,
was expressed as:
where h0 tð Þ is the hazard rate at time t for a reference
subject and βj is the log hazard ratio associated with
covariate j. To simplify, assume that there is one covari-
ate x, then the hazard ratio between two subjects with
covariate values x1 and x2 is:
h t; xð Þ ¼ h0 tð Þ exp
X
j
βjxj
 !
j ¼ 1; 2; . . . ; ns
Missing values
recovery from
record linkage
with the Turin
municipal registry
Providers
with few
cases
Waiting times
higher than
the 99th percentile
Final
sample
56 2 40 3,862
893 16 77 7,428
1,640 36 213 20,310
386 8 33 3,087
639 10 134 13,260
783 24 143 14,083
Table 2 Data dictionary for the variables used in the
study
Description Codes/Values
Waiting time
from registration
to surgery
Integer for number of days
Education
(at surgery time)
Primary school or less (LOW)
Middle school (MIDDLE)
Upper secondary school or higher education (HIGH)
Gender Male
Female
Age groups
(at surgery)
<= 54
55-64
65-74
>= 75
Year
of registration
<2006
2006
2007
2008
CCI 0,1,or 2 (≥2)
LHA/HT LHA- City of Turin; LHA - Western Piedmont; LHA -
Northern Piedmont; LHA - Southern Piedmont; LHA -
Eastern Piedmont; HT - City of Turin; HT - Piedmont
Region; Other Hospitals.
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exp βj
 
and measures the effect of one unit increase in
x on the probability of undergoing surgery. If the HR is
greater than 1 (βj>0), the probability of undergoing sur-
gery increases for subjects with covariate value x2 com-
pared to subjects with covariate value x1, while a HR
lower than 1 (βj<0) indicates a decreased probability of
leaving the waiting list. The HR is assumed to be con-
stant over time. To assess this assumption we add a
time-varying coefficient γ in the hazard function:
h0 tð Þ ¼ h0 tð Þ exp βxþ γxg tð Þð Þ
The hazard ratio for a unit increase in the variable x
is:
HR tð Þ ¼ hxþ1 tð Þ
hx tð Þ ¼ exp βþ γxg tð Þð Þ½ 
where γ measures the change in the hazard ratio with
time, i.e. non-proportionality. If γ>0 (γ<0) than the HR
increases (decreases) over time. Testing for non-
proportionality of the hazards is equivalent to testing
whether γ is significantly different from zero. No ethicalapproval was required by Italian law 211/2003 which
explains why no ethic committee’s permission is needed
for this kind of study in Italy (anonymous data from ad-
ministrative database).
Results
Characteristics of the population
As shown in Table 3, during the study period, most
patients who underwent hip replacement (54.7%) and
cardiovascular procedures (CABG, 49.1%; angioplasty,
43.2%; coronarography, 46.2%; endarterectomy, 63.1%)
were in the group with a lower educational level. Chole-
cystectomy was balanced across education groups. Most
subjects undergoing cardiovascular procedures were
male whereas most of those undergoing cholecystectomy
and hip replacement were female. At registration, the
majority of patients, among those who underwent car-
diovascular procedures, were aged 65 and over. The re-
verse was observed for cholecystectomy, where younger
patients underwent more surgery than older ones. The
proportion of patients with at least a comorbidity at the
time of the registration in the list were particularly high,
as expected, among subjects awaiting cardiovascular
procedures and, to a lesser extent, among those per-
forming hip replacement and cholecystectomy. As for
the geographical location, it is worth noticing that 34.2%
of CABGs were performed at the HT of the Piedmont
Region; 31.7% of angioplasties and 23.4% of coronaro-
graphies at Turin LHA; about two thirds of endarterec-
tomy procedures at the two regional Health Trusts,
around 20% of hip replacement surgery at the LHA of
Southern Piedmont; and 21.7% of cholecystectomies at
Northern Piedmont LHA.
Table 4 summarizes median waiting times of the co-
hort for the selected elective surgeries by education. Me-
dian waiting times for lower educational levels were
higher than for higher educational levels for all the
selected procedures. Differences were particularly high
for endarterectomy and hip replacement. Mean waiting
times were systematically greater than median waiting
times, indicating that the distribution was highly skewed
(data not shown). High geographical heterogeneity was
also observed between LHAs.
Statistical models
As measured by the log-rank test, statistically significant
differences (p < 0.001) in access to surgery between edu-
cation groups were observed for CABG, angioplasty, cor-
onarography, endarterectomy and hip replacement, with
shorter waiting times for individuals with a higher edu-
cation level (data not shown).
Table 5 presents the results of fitting for the main
effects and Table 6 shows linear-time interaction coeffi-
cients with educational level.1 For all considered
Table 3 Characteristics of cohorts
CABG Angioplasty Coronarography Endoarterectomy Hip replacement Cholecystectomy
No. % No. % No. % No. % No. % No. %
Education
Low education 1896 49.1 3207 43.2 9375 46.2 1947 63.1 7257 54.7 4757 33.8
Middle education 1124 29.1 2277 30.7 5987 29.5 692 22.4 3882 29.3 5366 38.1
High education 842 21.8 1944 26.2 4948 24.4 448 14.5 2121 16.0 3960 28.1
Gender
Male 2908 75.3 5719 77.0 13983 68.8 2115 68.5 5580 42.1 5407 38.4
Female 954 24.7 1709 23.0 6327 31.2 972 31.5 7680 57.9 8676 61.6
Age groups
<55 329 8.5 791 10.6 2419 11.9 67 2.2 1391 10.5 6041 42.9
55-64 861 22.3 1897 25.5 4965 24.4 404 13.1 2450 18.5 3140 22.3
65-74 1610 41.7 2949 39.7 7980 39.3 1290 41.8 5162 38.9 3368 23.9
>74 1062 27.5 1791 24.1 4946 24.4 1326 43.0 4257 32.1 1534 10.9
CCI
0 2712 70.2 4494 60.5 14136 69.6 2165 70.1 12477 94.1 12561 89.2
1 761 19.7 2253 30.3 4811 23.7 645 20.9 629 4.7 946 6.7
2+ 389 10.1 681 9.2 1363 6.7 277 9.0 154 1.2 576 4.1
Year of registration
<2006 72 1.9 102 1.4 291 1.4 115 3.7 1567 11.8 610 4.3
2006 1267 32.8 2368 31.9 6583 32.4 1046 33.9 4342 32.7 4656 33.1
2007 1304 33.8 2432 32.7 6740 33.2 983 31.8 4273 32.2 4803 34.1
2008 1219 31.6 2526 34.0 6696 33.0 943 30.5 3078 23.2 4014 28.5
Location
LHA - City of Turin 261 6.8 2355 31.7 4747 23.4 375 12.1 2129 16.1 1971 14.0
LHA - Province of Turin 511 6.9 900 4.4 119 3.9 1306 9.8 1961 13.9
LHA - Eastern Piedmont 615 15.9 734 9.9 3102 15.3 105 3.4 1258 9.5 1230 8.7
LHA - Southern Piedmont 158 2.1 581 2.9 57 1.8 2584 19.5 1594 11.3
LHA - Northern Piedmont 922 23.9 1049 14.1 3842 18.9 395 12.8 2151 16.2 3060 21.7
HT – City of Turin 742 19.2 1509 20.3 3275 16.1 1055 34.2 1651 12.5 2477 17.6
HT - Piedmont Region 1322 34.2 1112 15.0 3863 19.0 981 31.8 770 5.8 921 6.5
Other Hospitals 1411 10.6 869 6.2
Total 3862 100.0 7428 100.0 20310 100.0 3087 100.0 13260 100.0 14083 100.0
CABG=Coronary Artery Bypass Graft, CCI=Charlson Comorbidity Index, LHA= Local Health Authority, HT=Health Trust.
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significant gradient between waiting times and educa-
tional level was observed: the conditional probabilities of
undergoing surgery were lower among people with low
and middle education levels than for more highly edu-
cated people after adjustment for sex, age, comorbidities,
registration period, and LHAs.
The interaction terms between education and follow
up time are statistically significant for all procedures ex-
cept for CABG suggesting that the adjusted hazard
ratios associated with education were not constant over
time (Table 6). Specifically, hazard ratios higher than 1
show that the difference of probability of undergoingsurgery between the two groups decreases with increas-
ing follow up.
In models with statistically significant interactions, both
the low and middle level education groups at the start of
follow-up show a lower probability of leaving the waiting
list compared to the higher level education group with the
hazard ratio for the low level education group being
slightly lower at the start of follow up compared to the
middle level group, statistically significant for all proce-
dures except for CABG. At the start of follow up (Table 5),
subjects with a middle level of education registered for
angioplasty, coronarography, endarterectomy, hip replace-
ment, cholecystectomy have access to surgery at a rate
Table 4 Median waiting times and 95% CI for variables used in the study
CABG Angioplasty Coronarography Endarterectomy Hip replacement Cholecystectomy
Education
None/low Education 12.0 [11.5,12.5] 8.0 [7.6,8.4] 8.0 [7.8,8.2] 28.0 [26.3,29.7] 83.0 [80.5,85.5] 32.0 [30.9,33.1]
Middle Education 12.0 [11.4,12.6] 7.0 [6.5,7.5] 7.0 [6.7,7.3] 27.0 [24.1,29.9] 76.0 [72.8,79.2] 32.0 [31.0,33.0]
High Education 10.0 [9.5,10.5] 6.0 [5.7,6.3] 7.0 [6.8,7.2] 20.0 [17.3,22.7] 60.0 [55.6,64.4] 31.0 [29.6,32.4]
Gender
Male 11.0 [[10.7,11.4] 7.0 [6.7,7.3] 7.0 [6.8,7.2] 26.0 [24.5,27.5] 78.0 [75.2,80.8] 31.0 [30.0,32.0]
Female 11.0 [10.4,11.6] 7.0 [6.6,7.4] 7.0 [6.8,7.2] 28.0 [25.7,30.3] 77.0 [74.7,79.3] 33.0 [32.1,33.9]
Age groups
<= 54 11.0 [10.0, 12.0] 7.0 [6.3,7.7] 8.0 [7.6,8.4] 22.0 [16.6,28.4] 74.0 [68.5,79.5] 33.0 [32.0,34.0]
55-64 11.0 [10.4,11.6] 7.0 [6.5,7.5] 7.0 [6.7,7.2] 24.0 [20.6,27.4] 83.0 [78.4,87.6] 33.0 [31.5,34.5]
65-74 12.0 [11.5,12.5] 7.0 [6.6,7.4] 7.0 [6.8,7.2] 26.0 [23.8,28.2] 84.0 [81.0,87.0] 32.0 [30.6,33.4]
> = 75 11.0 [10.4,11.6] 7.0 [6.6,7.4] 7.0 [6.8,7.2] 28.0 [26.1,29.9] 69.0 [66.1,71.9] 27.0 [25.4,28.6]
CCI
0 11.0 [10.7,11.3] 7.0 [6.7,7.3] 7.0 [6.9,7.1] 24.0 [22.6,25.4] 76.0 [74.1,77.9] 32.0 [31.3,32.7]
1 12.0 [11.1,13.0] 7.0 [6.4,7.6] 7.0 [6.6,7.4] 31.0 [27.5,34.5] 100.0 [92.1,107.9] 36.0 [33.2,38.8]
> = 2 12.0 [10.6,13.4] 10.0 [8.6,11.4] 10.0 [8.9,11.0] 36.0 [29.4,42.5] 91.5 [76.0,107.0] 22.0 [20.2,23.8]
Year of registration
<2006 18.0 [14.4,,21.6] 34.0 [24.9,43.1] 36.0 [31.1,40.9] 85.0 [74.5,95.5] 194.0 [185.4,202.6] 76.0 [69.9,82.1]
2006 11.0 [10.6,11.4] 7.0 [6.6,7.4] 7.0 [6.8,7.2] 25.0 [22.7,27.3] 83.0 [79.9,86.1] 32.0 [31.0,33.0]
2007 12.0 [11.4,12.6] 7.0 [6.6,7.4] 7.0 [6.7,7.3] 27.0 [24.6,29.4] 77.0 [74.1,80.0] 32.0 [30.7,33.3]
2008 11.0 [10.5,11.5] 7.0 [6.6,7.4] 7.0 [6.8,7.2] 24.0 [22.1,25.9] 41.0 [39.0,43.0] 28.0 [27.0,29.0]
LHA
LHA – City of Turin 7.0 [6.5,7.5] 6.0 [5.9,6.1] 5.0 [4.9,5.1] 22.0 [16.5,27.5] 50.0 [45.8,54.2] 36.0 [33.4,38.6]
LHA – Province of Turin 29.0 [27.2,30.8] 28.0 [26.6,29.4] 20.0 [18.8,21.2] 79.5 [75.3,83.7] 35.0 [33.3,36.7]
LHA – Eastern Piedmont 12.0 [11.2,12.8] 10.0 [8.9,11.1] 8.0 [7.6,8.4] 11.0 [9.7,12.3] 27.5 [24.6,30.3] 24.0 [22.3,25.7]
LHA – Southern Piedmont - 8.0 [6.9,9.1] 9.0 [8.1,9.9] 32.0 [25.5,38.5] 106.0 [102.2,109.8] 30.0 [28.7,31.3]
LHA – Northern Piedmont 11.0 [10.5,11.5] 10.0 [9.4,10.6] 10.0 [9.8,10.2] 16.0 [14.6,17.4[ 29.0 [26.7,31.3] 25.5 [24.8,26.2]
HT – City of Turin 11.0 [9.7,12.3] 8.0 [7.3,8.7] 13.0 [12.3,13.7] 34.0 [29.9,38.1] 121.0 [114.5,127.5] 38.0 [35.6,40.4]
HT – Piedmont Region 13.0 [12.4,13.6] 4.0 [3.8,4.2] 4.0 [3.8,4.2] 33.0 [30.7,35.3] 132.5 [123.5,141.5] 52.0 [43.4,60.6]
Other Hospitals - - - - 118.0 [112.4,123.6] 53.0 [48.6,57.4]
Total 11.0 [10.7,11.3] 7.0 [6.8,7.2] 7.0 [6.9,7.1] 26.0 [24.7,27.3] 77.0 [75.2,78.8] 32.0 [31.3,32.7]
CI= confidence interval, CABG=Coronary Artery Bypass Graft, CCI=Charlson Comorbidity Index, LHA= Local Health Authority, HT=Health Trust.
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than for subjects with a higher level of education. The esti-
mated gap between the two groups at the median waiting
time decreases to 8.2% for angioplasty, 17.4% for endarter-
ectomy, 8% for hip replacement and 4.5% for cholecystec-
tomy, while for coronarography the estimated gap is
constant over time.
Similarly, subjects with a lower education level regis-
tered for angioplasty, coronarography, endarterectomy,
hip replacement and cholecystectomy have access to sur-
gery at a rate that is respectively 12.0%, 8%, 34%, 23.9%,
16.2% lower than for subjects with a higher education.
The estimated difference between lower and highereducation in terms of median waiting time decreases to
9.5% for angioplasty, 7.4% for coronarography, 24.9% for
endarterectomy, 17.8% for hip replacement, 13.5% for
cholecystectomy. The reduction is more pronounced in
the lower level education group compared to the middle
level education group for angioplasty and endarterec-
tomy but is less pronounced for hip replacement and
cholecystectomy. Moreover, the chance of delayed sur-
gery increases for males undergoing angioplasty while it
decreases for males awaiting endarterectomy and chole-
cystectomy. The probability of longer waiting times for
surgery are statistically significant for older patients
scheduled for CABG while they are shorter for older
Table 5 Hazard ratios and 95% CI for Cox proportional hazards models
CABG Angioplasty Coronarography Endarterectomy Hip replacement Cholecystectomy
Education
Low education 0.940 [0.860 - 1.026] 0.880 [0.819 - 0.944] 0.920 [0.883 - 0.958] 0.660 [0.571 - 0.762] 0.761 [0.709 - 0.817] 0.838 [0.788 - 0.892]
Middle education 0.927 [0.846 - 1.015] 0.905 [0.841 - 0.974] 0.956 [0.920 - 0.993] 0.745 [0.631 - 0.880] 0.852 [0.791 - 0.918] 0.925 [0.875 - 0.978]
Gender
Male 1.008 [0.935 - 1.088] 0.929 [0.879 - 0.982] 1.004 [0.974 - 1.035] 1.086 [1.005 - 1.174] 0.980 [0.946 - 1.015] 1.043 [1.008 - 1.080]
Age groups
<55 1.148 [1.009 - 1.307] 0.979 [0.898 - 1.068] 0.926 [0.880 - 0.974] 1.065 [0.825 - 1.374] 0.927 [0.869 - 0.989] 0.824 [0.774 - 0.877]
55-64 1.100 [1.002 - 1.209] 0.962 [0.900 - 1.028] 0.960 [0.921 - 0.999] 1.046 [0.934 - 1.172] 0.847 [0.804 - 0.891] 0.833 [0.782 - 0.887]
65-74 1.019 [0.942 - 1.102] 0.956 [0.901 - 1.014] 0.976 [0.942 - 1.012] 1.015 [0.939 - 1.097] 0.839 [0.795 - 0.885] 0.856 [0.805 - 0.909]
CCI
1 0.989 [0.908 - 1.078] 0.881 [0.837 - 0.929] 0.886 [0.857 - 0.917] 0.787 [0.692 - 0.894] 0.917 [0.846 - 0.995] 0.876 [0.799 - 0.962]
> = 2 1.004 [0.895 - 1.127] 0.681 [0.614 - 0.755] 0.693 [0.646 - 0.743] 0.855 [0.751 - 0.973] 0.763 [0.592 - 0.984] 1.785 [1.596 - 1.997]
Year of registration
<2006 0.713 [0.562 - 0.906] 0.348 [0.265 - 0.458] 0.406 [0.361 - 0.457] 0.229 [0.162 - 0.324] 0.272 [0.245 - 0.301] 0.406 [0.358 - 0.459]
2007 0.876 [0.810 - 0.947] 1.025 [0.968 - 1.085] 0.992 [0.958 - 1.026] 0.967 [0.855 - 1.095] 1.118 [1.050 - 1.189] 0.929 [0.892 - 0.967]
2008 0.915 [0.845 - 0.991] 0.946 [0.886 - 1.011] 1.018 [0.984 - 1.054] 1.022 [0.903 - 1.158] 1.779 [1.659 - 1.908] 1.114 [1.068 - 1.163]
Location
LHA - Province of Turin 0.235 [0.206 - 0.267] 0.237 [0.216 - 0.260] 0.457 [0.319 - 0.655] 0.607 [0.554 - 0.666] 1.161 [1.072 - 1.257]
LHA - Eastern Piedmont 0.326 [0.268 - 0.398] 0.540 [0.495 - 0.589] 0.613 [0.585 - 0.643] 1.867 [1.500 - 2.323] 1.334 [1.243 - 1.432] 1.491 [1.388 - 1.603]
LHA - Southern Piedmont 0.705 [0.599 - 0.830] 0.490 [0.437 - 0.548] 0.964 [0.729 - 1.276] 0.369 [0.340 - 0.400] 1.329 [1.221 - 1.448]
LHA - Northern Piedmont 0.467 [0.396 - 0.551] 0.518 [0.480 - 0.559] 0.533 [0.510 - 0.558] 1.411 [1.222 - 1.629 1.248 [1.175 - 1.326] 1.621 [1.511 - 1.738]
HT - City of Turin 0.472 [0.395 - 0.565] 0.580 [0.543 - 0.620] 0.383 [0.363 - 0.405] 0.594 [0.526 - 0.671] 0.355 [0.323 - 0.389] 0.917 [0.864 - 0.973]
HT - Piedmont Region 0.478 [0.414 - 0.552] 1.600 [1.455 - 1.759] 1.181 [1.120 - 1.245] 0.617 [0.535 - 0.711] 0.392 [0.348 - 0.443] 0.728 [0.652 - 0.812]
Other Hospitals 0.318 [0.288 - 0.352] 0.624 [0.558 - 0.698]
CI= confidence interval, CABG=Coronary Artery Bypass Graft, CCI=Charlson Comorbidity Index, LHA= Local Health Authority, HT=Health Trust.
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and cholecystectomy. Coexisting illnesses extend waiting
times for most procedures as well.
The effect of the registration period is also statistically
significant for most procedures and tends to decrease
over time. More precisely, patients registered after 2006
for hip replacement and cholecystectomy (2008 only)
have a higher probability of waiting less than those on
the list in 2006 whereas the opposite was observed for
those registered for CABG after 2006.
Lastly, the results show a large geographical variation
in elective surgery rates for all surgical procedures with
differences not spatially structured and often changing
over time. Such differences may reflect variations in clin-
ical judgment or resource levels.Sensitivity analysis
In order to study the risk of bias due to missing values
we carried out a sensitivity analysis comparing the distri-
bution of the covariates and the outcome in the sub-
groups made up respectively of subjects with:– The ascertained education level;
– The education level attributed through record
linkage;
– The missing education level not attributed through
record linkage.
The distributions result as being highly homogeneous
between them and, in any case, no statistically significant
differences were observed; so it is unlikely that the pres-
ence of missing values may produce relevant bias in the
results.
Similarly, to exclude the risk of bias due to record
linkage through the City of Turin municipal registry, we
observed that the distribution of the educational level of
hospitalised individuals obtained using record linkage is
similar to that of hospitalised Turin residents with valid
values. The results are not shown but are available on
request.
Discussion
To our knowledge, this study is the first to examine the
relation between education and waiting times, using a
Table 6 Hazard ratios and 95% CI for interaction between time and covariates (Cox proportional hazards models)*
CABG Angioplasty Coronarography Endarterectomy Hip replacement Cholecystectomy
Education
Low education 1.004 [1.001 - 1.006] 1.001 [1.000 - 1.003] 1.005 [1.002 - 1.007] 1.001 [1.001 - 1.002] 1.001 [1.000 - 1.002]
Middle education 1.002 [1.000 - 1.005] 1.004 [1.001 - 1.007] 1.001 [1.000 - 1.001] 1.001 [1.000 - 1.002]
Age groups (years)
65-74 1.001 [1.000 - 1.001]
CCI
1 1.002 [1.000 - 1.004] 1.001 [1.000 - 1.002]
> = 2 1.004 [1.001 - 1.007] 1.004 [1.002 - 1.006] 1.002 [1.000 - 1.004] 0.997 [0.995 - 0.999]
Year of registration
<2006 1.004 [1.000 - 1.009] 1.012 [1.009 - 1.016] 1.003 [1.002 - 1.003] 1.001 [1.001 - 1.002]
2007 1.003 [1.001 - 1.005] 1.000 [0.999 - 1.000]
2008 1.004 [1.001 - 1.006] 1.004 [1.001 - 1.006]
Location
LHA - Province of Turin 1.012 [1.009 - 1.015] 1.010 [1.008 - 1.012] 1.060 [1.046 - 1.075] 1.004 [1.003 - 1.004] 1.001 [1.000 - 1.002]
LHA - Eastern Piedmont 1.030 [1.021 - 1.040]
LHA - Southern Piedmont 1.007 [1.003 - 1.011] 1.005 [1.005 - 1.006] 1.005 [1.004 - 1.006]
LHA - Northern Piedmont 1.022 [1.015 - 1.030] 1.001 [1.000 - 1.002)
HT - City of Turin 0.992 [0.986 - 0.997] 1.006 [1.005 - 1.008] 1.004 [1.003 - 1.004]
HT - Piedmont Region 0.972 [0.964 - 0.979] 0.979 [0.976 - 0.982] 1.003 [1.001 - 1.004] 1.004 [1.004 - 1.005] 1.003 [1.002 - 1.004]
Other Hospitals 1.006 [1.005 - 1.006] 1.004 [1.003 - 1.005]
CI= confidence interval, CABG=Coronary Artery Bypass Graft, CCI=Charlson Comorbidity Index, LHA= Local Health Authority, HT=Health Trust.
*: only statistically significant effects.
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socioeconomic status. Piedmont is the only Italian Re-
gion for which it is possible to use an individual indica-
tor of educational level in so large a population. There
are several important findings in this study. First, a lower
education level is significantly associated with longer
waiting times. This association persists after adjustment
for demographic variables, comorbidity, registration
period and supply. The effect of education on the wait-
ing time changes with time: a lower education level has
the largest effect, however over time this effect
decreases.
Several issues can be cited to explain the results: dif-
ferences in composition of social networks can deter-
mine a heterogeneous level of access to information.
Individuals with a lower education level could face
higher transaction costs (information and search costs)
when choosing among alternative providers. Moreover,
more educated people looking for alternative providers
may have access to direct information about the waiting
times for single hospitals, for example through relation-
ships with health professionals. They may be more able
to negotiate with them, to express themselves, explain
their health problems and make care choices. By con-
trast, individuals with a lower education level are less
able to overcome bureaucratic hurdles and navigatecomplex modern healthcare systems, to deal with several
aspects of healthcare administration ranging from regis-
tration to form submission. Also, individuals with a
lower education level may be less able to keep in touch
with the hospital and make or attend appointments for
admission. They could also experience greater difficulty
in having their rights guaranteed due to lack of informa-
tion on their basic rights and ways in which to access
healthcare [21].
Such differences may reflect variations in clinical judg-
ment or resource levels.
Furthermore, since socioeconomic inequities reduce
over time, the longer the waiting time, the more these
mechanisms seem to act in a more significant way.
While the measurement of equal access to health care is
a complex task involving multidimensional aspects of
both access and equity [29], these results show evidence
of inequalities in access to elective surgery in Italy.
Implications and recommendations
The study involves the implementation of policies aimed
at tackling inequity, acting through revision of enrol-
ment mechanisms in waiting lists in order to reduce in-
equity in access [30]. In particular, a policy implication
for the government is to simplify access to comparative
information on waiting times across different providers.
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general practitioners will be able to access on-line infor-
mation of waiting times across providers and book
patients directly with the provider with the shortest
waiting times. This might reduce inequalities in waiting
times by reducing the differences for accessing informa-
tion systems.
The results of the study also suggest the need for fur-
ther investigations aimed at exploring the association be-
tween waiting times and outcome of care; in fact, if
waiting times are a likely determinant of worse quality of
care, they may well assume the role of determinants that
could amplify the socioeconomic differences in the out-
come of medical treatments.
Limitations
The main limitation of this study is its retrospective, ob-
servational nature. Only patients who underwent surgery
provide any information, since patients removed from
the waiting list without surgery have no chance of con-
tributing their waiting times to this analysis [31].
Another potential source of limitation of the study is
the elevated number of missing values for educational
level, although the sensitivity analyses show that the risk
of bias due to the presence of missing values and pos-
sibly due to the record linkage process is very low.
Lastly, our definition of waiting time does not take
into account the time between the general practitioner
referral and the consultation.
Conclusion
This study provides evidence on the effect of socioeco-
nomic status on waiting times for elective surgery by
using individual records and administrative databases.
Inverse trends were observed between educational level
and waiting times for all procedures except for CABG.
The results of the study suggest the need for implemen-
tation of key policies aimed at promoting regional infor-
mation initiatives to guarantee wider access to those
with a low socio-economic status by increasing their
knowledge of available services and their ability to act.
Endnote
aConventional Cox proportional hazard estimates are
available from the authors upon request.
Competing interests
The authors declare no competing interests.
Authors’ contributions
AP conceived of and designed the study. GDL participated in the design of
the study, performed the statistical analysis, interpreted the findings and
drafted the manuscript. TL created the study analytic dataset and performed
the statistical analysis. GC conceived of the study. All authors critically read,
revised and approved the final manuscript.Acknowledgements
The authors acknowledge the Italian Epidemiologic Association (AIE) and the
Italian Association for Health Economics (AIES) for making it possible to
present the paper in the relative conferences and therefore obtain important
peer-review contributions.
Author details
1Epidemiology and Public Health Unit, Piedmont Region, Turin, Italy.
2Department of Economics and Statistics, University of Calabria, Cosenza,
Italy. 3Department of Hygiene and Public Health, University of Turin, Turin,
Italy.
Received: 13 February 2012 Accepted: 19 June 2012
Published: 21 August 2012References
1. Coyte PC, Wright JG, Hawker GA, Bombardier C, Dittus RS, Paul JE, Freund
DA, Ho E: Waiting times for knee-replacement surgery in the United
States and Ontario. N Engl JMed 1994, 331:1068–1071.
2. Cullis JG, Jones PR: Inpatient waiting: a discussion and policy proposal.
BMJ 1983, 287:1483–1486.
3. Willcox S, Seddon M, Dunn S, Edwards RT, Pearse J, Tu JV: Measuring and
Reducing Waiting Times: A Cross-National Comparison of Strategies. Heal
Aff 2007, 26(4):1078–1087.
4. Carlsen F, Kaarboe OM: Norwegian priority guidelines: estimating the
distributional implications across age, gender and SES. Health Policy 2010,
95(2–3):264–270.
5. Sobolev B, Kuramoto L: Analysis of waiting-time data in Health Services
Research. New York: Springer; 2008.
6. Mackenbach JP, Stirbu I, Roskam AJ, Schaap MM, Menvielle G, Leinsalu M,
Kunst AE, European Union Working Group on Socioeconomic Inequalities in
Health: Socioeconomic inequalities in health in 22 European countries.
N Engl J Med 2008, 358(23):2468–2481.
7. Tamsma N, Berman PC: The Role of the Health Care Sector in Tackling Poverty
and Social Exclusion in Europe. Brussels: EHMA/EuroHealthNet; 2004.
8. Van Doorslaer E, Wagstaff A, Van der Burg H, Christiansen T, De Graeve D,
Duchesne I, Gerdtham UG, Gerfin M, Geurts J, Gross L, Häkkinen U, John J,
Klavus J, Leu RE, Nolan B, O'Donnell O, Propper C, Puffer F, Schellhorn M,
Sundberg G, Winkelhake O: Equity in the delivery of health care in Europe
and US. J Heal Econ 2000, 19(5):553–583.
9. Van Doorslaer E, Koolman X, Jones AM: Explaining income-related
inequalities in doctor utilization in Europe. Heal Econ 2004, 13(7):629–647.
10. Wagstaff A, Van Doorslaer E: Measuring and Testing for Inequity in the
Delivery of Health Care. J Hum Resour 2000, 35(4):716–733.
11. Allin S: Equity in the use of health services in Canada and its provinces.
Volume Working Paper No: 3/2006. London: LSE Health, the London School
of Economics and Political Science; 2006.
12. Petrelli A, Picariello R, Costa G: Toward a needs based mechanism for
capitation purposes in Italy: the role of socioeconomic level in
explaining differences in the use of health services. Int J Health Care
Finance Econ 2010, 10(1):29–42.
13. Pell JP, Pell AC, Norrie J, Ford I, Cobbe SM: Effect of socioeconomic
deprivation on waiting time for cardiac surgery: retrospective cohort
study. BMJ 2000, 320(7226):15–18.
14. Hacker J, Stanistreet D: Equity in waiting times for two surgical specialties:
a case study at a hospital in the North West of England. J Public Health
2004, 26(1):56–60.
15. Fitzpatrick R, Norquist JM, Reeves BC, Morris RW, Murray DW, Gregg PJ:
Equity and need when waiting for total hip replacement surgery.
J Eval Clin Pract 2004, 10:3–9.
16. Shortt SE-D, Shaw RA: Equity in Canadian health care: Does
socioeconomic status affect waiting times for elective surgery? CMAJ
2003, 168:413–416.
17. Clover KA, Dobbins TA, Smyth TJ, Sanson-Fisher RW: Factors associated
with waiting time for surgery. Med J Aust 1998, 169:464–468.
18. Arnesen KE, Erikssen J, Stavem K: Gender and socioeconomic status as
determinants of waiting time for inpatient surgery in a system with
implicit queue management. Health Policy 2002, 62:329–341.
19. Cooper ZN, McGuire A, Jones S, Le Grand J: Equity, waiting times, and
NHS reforms: retrospective study. BMJ 2009, 339:b3264.
Petrelli et al. BMC Health Services Research 2012, 12:268 Page 10 of 10
http://www.biomedcentral.com/1472-6963/12/26820. Siciliani L, Verzulli R: Waiting times and socioeconomic status among
elderly Europeans: Evidence from SHARE. Health Econ 2009,
18(11):1295–1306.
21. Laudicella M, Siciliani L, Cookson R: Waiting Times and Socioeconomic
Status: Evidence from England. Soc Sci Med 2012, 74(9):1331–1341.
22. Barone AP, Fusco D, Colais P, D'Ovidio M, Belleudi V, Agabiti N, Sorge C,
Davoli M, Perucci CA: Effects of socioeconomic position on 30-day
mortality and wait for surgery after hip fracture. Int J Qual Health Care
2009, 21(6):379–386.
23. Decreto del Presidente del Consiglio dei Ministri 29 novembre 2001:
Definizione dei livelli essenziali di assistenza. Gazzetta Ufficiale N. 33 del 8
Febbraio 2002. Rome, Italy 2002.
24. Cox DR: Regression models and life tables (with discussion). J R Stat Soc
1972, 34:187–220. Series B.
25. Aday LA, Andersen RM: Equity of access to medical care: a conceptual
and empirical overview. Medical Care 1981, 19:4–27.
26. Sobolev B, Levy A, Hayden R, Kuramoto L: Does Wait-List Size at
Registration Influence Time to Surgery? Analysis of a Population-Based
Cardiac Surgery Registry. Heal Serv Res 2006, 41(1):23–39.
27. D'Hoore W, Sicotte C, Tilquin C: Risk adjustment in outcome assessment:
the Charlson comorbidity index. Methods Inf Med 1993, 32(5):382–387.
28. Levy AR, Sobolev BG, Hayden R, Kiely M, Fitzgerald JM, Schechter MT: Time
on wait lists for coronary bypass surgery in British Columbia, Canada,
1991–2000. BMC Health Serv Res 2005, 14;5(1):22.
29. Allin S, Masseria C, Sorenson C, Papanicola I, Mossialos E: Measuring
inequalities in access to health care: a review of the indices. Belgium:
European Commission, Brussels; 2007.
30. Dimakou S, Parkin D, Devlin N, Appleby J: Identifying the impact of
government targets on waiting times in the NHS. Health Care Manage Sci
2009, 12(1):1–10.
31. Sobolev B, Brown P, Zelt D, Shortt S: Bias inherent in retrospective
waiting-time studies: experience from a vascular surgery waiting list.
CMAJ 2000, 162(13):1821–1822.
doi:10.1186/1472-6963-12-268
Cite this article as: Petrelli et al.: Socioeconomic differences in waiting
times for elective surgery: a population-based retrospective study. BMC
Health Services Research 2012 12:268.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
